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(54) COMPOSITION FOR POWDER COATING MATERIALS AND COATED ARTICLE

(57) Provided are: a composition for powder coating
materials, which enables the achievement of a cured film
that has excellent thin film smoothness, electrical insu-
lation properties and thermal conductivity; and a coated
article. The present invention relates to: a composition
for powder coating materials, which contains (A) a ther-
mally conductive filler having an average circularity of

0.92 or more, (B) a thermosetting resin and (C) a curing
agent; and a coated article, the surface of which is pro-
vided with a cured film that is formed from this composi-
tion for powder coating materials. The present invention
also relates to a composition for powder coating materi-
als, which additionally contains (D) a dispersant.
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Description

[Technical Field]

[0001] The present invention relates to a composition for powder coating materials and a coated article, and the coated
article can be used in various industrial product fields such as the electrical and electronic fields, and belongs to these
technical fields.

[Background Art]

[0002] A powder coating material is a coating material that does not contain volatile components such as an organic
solvent, and is for forming a coated film by coating a substrate with only components forming the coated film and melting
it. Compared with solvent type coating materials of the related art, powder coating materials have advantages in which
a thickness can be obtained with only one application, powder that has not adhered can be recovered to be reused, and
there is less waste coating material, and therefore they are widely used currently in various industrial products such as
in the electrical, electronic, and communications fields, construction and construction materials fields, automotive and
vehicle fields, road materials field, water and gas materials fields, steel furniture field, and construction and industrial
machinery fields from the viewpoint of streamlining coating and environmental measures.
[0003] As a composition for powder coating materials, epoxy-based, vinyl chloride-based, polyolefin-based, acrylic-
based, and polyester-based compositions are known. However, because good electrical insulation properties are required
particularly in the electrical and electronic fields, epoxy-based compositions are widely utilized.
[0004] In recent years, heat dissipation measures have been emphasized due to an increase in heat generation
associated with higher performance and higher power of electrical and electronic devices, and therefore a composition
for powder coating materials is not only required to have electrical insulation properties but also have high thermal
conductivity.
[0005] In the related art, a thermally conductive composition for powder coating materials which contains a thermally
conductive filler has been proposed.
[0006] Patent Literature 1 discloses a composition for powder coating materials which has electrical insulation prop-
erties and thermal conductivity, the composition including epoxy resin, a curing agent for an epoxy resin, and thermally
conductive fillers of three kinds having specific thermal conductivities in specific ratios.
[0007] Patent Literature 2 discloses a composition for powder coating materials which has thermal conductivity, the
composition including an epoxy resin and/or a polyester resin, and a thermal conductive filler having a specific thermal
conductivity of 10% by mass or more and 40% by mass or less.

[Reference List]

[Patent Literature]

[0008]

Patent Literature 1: Japanese Patent Laid-Open No. 56-79161
Patent Literature 2: Japanese Patent Laid-Open No. 2014-237805

[Summary of Invention]

[Technical Problem]

[0009] However, a cured film formed from the composition disclosed in Patent Literature 1 and Patent Literature 2 has
excellent smoothness as a thick film of about 300 mm, but poor smoothness as a thin film of 200 mm or less (hereinafter
referred to as "thin-film smoothness"), and when it has been applied to electrical and electronic devices with high
performance and high power of recent years, there has been a problem of insufficient electrical insulation properties
and thermal conductivity.
[0010] As described above, it is difficult to satisfy thin-film smoothness, electrical insulation properties, and thermal
conductivity requirements of a cured film at the same time.
[0011] The present invention has been made in view of the above circumstances, and an objective of the present
invention is to provide a composition for powder coating materials that has excellent thin-film smoothness, electrical
insulation properties, and thermal conductivity as a cured film.
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[Solution to Problem]

[0012] As a result of intensive studies to solve the above problems, the inventors of the present invention have found
that a cured film obtained from a composition for powder coating materials which contains an epoxy resin, a curing
agent, and a thermally conductive filler having a specific average circularity has excellent thin-film smoothness, electrical
insulation properties, and thermal conductivity, and therefore have completed the present invention.
[0013] The present invention is as follows.

[1] A composition for powder coating materials, including: a component (A): a thermally conductive filler that has an
average circularity of 0.92 or more; a component (B): thermosetting resin; and a component (C): curing agent.
[2] The composition for powder coating materials according to [1], in which the component (A) includes thermally
conductive fillers of at least two kinds having different average primary particle diameters, and a mass ratio of a
thermally conductive filler having a largest average primary particle diameter to a thermally conductive filler having
a smallest average primary particle diameter is 1 to 5.
[3] The composition for powder coating materials according to [1] or [2], in which the component (B) is an epoxy resin.
[4] The composition for powder coating materials according to any one of [1] to [3], in which an average primary
particle diameter of the component (A) is 1.0 to 40 mm.
[5] The composition for powder coating materials according to any one of [1] to [4], in which a content of the component
(A) is 50% to 80% by mass with respect to a total amount of the composition for powder coating materials, and a
content of the component (B) is 10% to 50% by mass with respect to the total amount of the composition for powder
coating materials.
[6] The composition for powder coating materials according to any one of [1] to [5], in which, in a content of the
component (C), a molar ratio of a functional group of the component (C) to a functional group of the component (B)
is 0.5 to 1.5.
[7] The composition for powder coating materials according to any one of [1] to [6], further including a component
(D): a dispersant.
[8] The composition for powder coating materials according to [7], in which a mass of the component (D) with respect
to 100 parts by mass of the component (A) is 0.1 to 5.0 parts by mass.
[9] A coated article which has a surface to which a cured film formed from the composition for powder coating
materials according to any one of [1] to [8] is applied.

[Advantageous Effects of Invention]

[0014] According to the composition of the present invention, a cured film having excellent thin-film smoothness,
electrical insulation properties, and thermal conductivity can be obtained.

[Description of Embodiments]

[0015] The present invention relates to a composition for powder coating materials which includes a thermally con-
ductive filler (A) that has an average circularity of 0.92 or more, a thermosetting resin (B), and a curing agent (C); and
relates to a coated article having a cured film formed from the composition for powder coating materials on its surface.
[0016] Hereinafter, the component (A), the component (B), the component (C), the composition for powder coating
materials, a method for producing a composition for powder coating materials, the coated article, and use applications
thereof will be described.

1. Component (A)

[0017] The component (A) is a thermally conductive filler having an average circularity of 0.92 or more.
[0018] In the present invention, the average circularity means an average value of circularity calculated according to
the following equation by obtaining the following L0 and L1 from a projected particle image of the thermally conductive
filler photographed using a particle image analyzer. 

L0: A circumference of an ideal circle (true circle) having the same area as the area calculated from a projected
particle image of a thermally conductive filler that is actually measured
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L1: An actual circumference measured from a projected particle image of the thermally conductive filler to be meas-
ured

[0019] An average circularity of the component (A) is preferably 0.93 or more and particularly preferably 0.94 or more
from the viewpoints that a filling rate with respect to the component (B) can be improved, and thermal conductivity of a
cured film can be increased.
[0020] An average primary particle diameter of the component (A) is preferably 1.0 to 40 mm, more preferably 1.0 to
20 mm, and even more preferably 1.0 to 10 mm from the viewpoint that thin-film smoothness of a cured film can be improved.
[0021] In the present invention, the average primary particle diameter means a particle diameter of 50% of a volume-
based frequency cumulative value in a particle diameter distribution measured by a laser diffraction/light scattering
method.
[0022] A thermal conductivity of the component (A) is preferably 10 W/(m·K) or more and more preferably 20 W/(m·K)
or more from the viewpoint that thermal conductivity of a cured film can be improved.
[0023] Examples of thermally conductive fillers of the present invention include a metal filler, an inorganic compound
filler, a carbon filler, and the like.
[0024] Specific examples of metal fillers include silver, copper, aluminum, iron, stainless steel, and the like.
[0025] Specific examples of inorganic compound fillers include alumina, magnesia, zinc oxide, beryllia, silica, boron
nitride, aluminum nitride, silicon nitride, silicon carbide, boron carbide, titanium carbide, and the like.
[0026] Specific examples of carbon fillers include graphite, carbon fibers, and the like.
[0027] Among them, an inorganic compound filler is preferable from the viewpoint that electrical insulation properties
of a cured film can be improved.
[0028] Among inorganic compound fillers, alumina, magnesia, zinc oxide, beryllia, boron nitride, aluminum nitride, and
silicon nitride are preferable from the viewpoint that both thermal conductivity and electrical insulation properties are
high, and alumina is particularly preferable from the viewpoint that filling properties with respect to the component (B)
is improved in addition to thermal conductivity and electrical insulation properties.
[0029] One kind of the component (A) may be used or two or more kinds thereof may be used in combination.
[0030] It is preferable that the component (A) include thermally conductive fillers of at least two kinds having different
average primary particle diameters and the mass ratio (hereinafter referred to as a "mass ratio of maximum filler to
minimum filler") of a thermally conductive filler having a largest average primary particle diameter to a thermally conductive
filler having a smallest average primary particle diameter is preferably 1 to 5 and is more preferably 2 or 3 from the
viewpoint that a filling rate with respect to the component (B) can be improved, and thermal conductivity of a cured film
can be enhanced.
[0031] As the component (A), a surface-treated filler can be used to improve dispersibility with respect to the component
(B). For example, as an inorganic compound filler, it is possible to use an inorganic compound filler of which a surface
has been modified by a silane coupling agent, a titanate coupling agent and/or an aluminate coupling agent.
[0032] A content of the component (A) is preferably 50% to 80% by mass and is more preferably 60% to 80% by mass
with respect to a total amount of the composition for powder coating materials from the viewpoint of excellent thermal
conductivity and electrical insulation properties of a cured film.

2. Component (B)

[0033] The component (B) is a thermosetting resin and is preferably a solid at room temperature.
[0034] As the component (B), it is possible to use a thermosetting resin such as an epoxy resin (hereinafter referred
to as a "component (bl)") and a polyester resin (hereinafter referred to as a "component (b2)"), and an epoxy resin is
preferable from the viewpoint of its good electrical insulation properties.
[0035] Examples of the components (b1) include a bisphenol type epoxy resin, a novolak type epoxy resin, a biphenyl
type epoxy resin, and the like.
[0036] Specific examples of bisphenol type epoxy resins include a bisphenol A type epoxy resin, a bisphenol F type
epoxy resin, an epoxy resin obtained by polycondensation of bisphenol A, bisphenol F and epichlorohydrin, a tetrabro-
mobisphenol A type epoxy resin, and the like.
[0037] Specific examples of novolak type epoxy resins include a phenol novolak type epoxy resin, a cresol novolak
type epoxy resin, a bisphenol A novolak type epoxy resin, a bisphenol F novolak type epoxy resin, and the like.
[0038] Specific examples of biphenyl type epoxy resins include a tetramethyl biphenyl type epoxy resin and the like.
[0039] Among them, a bisphenol type epoxy resin and a novolak type epoxy resin are preferable, and a bisphenol A
type epoxy resin and a cresol novolak type epoxy resin are particularly preferable from the viewpoint that mechanical
properties of a cured film are excellent.
[0040] One kind of the component (b1) may be used, or two or more kinds thereof may be used in combination, and
it is particularly preferable to use a bisphenol A type epoxy resin and a cresol novolak type epoxy resin in combination.
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[0041] An epoxy equivalent of the component (b1) is preferably 100 to 4,000 g/eq. The epoxy equivalent is preferably
100 g/eq or more and is more preferably 200 g/eq or more from the viewpoint of excellent toughness of a cured film. In
addition, the epoxy equivalent is preferably 4,000 g/eq or less and is more preferably 3,000 g/eq or less from the viewpoint
of excellent melting flow properties during baking.
[0042] As the component (b2), from the viewpoint of curing properties, a hydroxyl-group-containing polyester resin
containing a reaction product of a dicarboxylic acid compound (hereinafter referred to as a component (x)) and a polyhydric
alcohol (hereinafter referred to as a "component (y)") is preferable.
[0043] Specific examples of the components (x) include aliphatic dicarboxylic acid compounds such as succinic acid,
glutaric acid, adipic acid, pimelic acid, suberic acid, sebacic acid, azelaic acid, 1,9-nonanedicarboxylic acid, 1,10-de-
canedicarboxylic acid, 1,12-dodecanedicarboxylic acid, and 1,2-octadecanedicarboxylic acid; alicyclic dicarboxylic acid
compounds such as 1,3-cyclohexanedicarboxylic acid, 1,4-cyclohexanedicarboxylic acid, and hexahydrophthalic acid;
aromatic dicarboxylic acid compounds such as phthalic acid, isophthalic acid, terephthalic acid, naphthalenedicarboxylic
acid, trimellitic acid, and pyromellitic acid; their acid anhydrides; and the like. These may be used alone or in combination
of two or more kinds thereof.
[0044] Specific examples of the components (y) include dihydric alcohols such as ethylene glycol, diethylene glycol,
triethylene glycol, 1,2-propanediol, 1,3-butanediol, 1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol, 1,10-decanediol,
1,4-cyclohexanedimethanol, neopentyl glycol, spiro glycol, and 2-butyl-2-ethyl-1,3-propanediol; trihydric alcohols such
as trimethylolpropane; tetrahydric alcohols such as pentaerythritol; and the like. These may be used alone or in combi-
nation of two or more kinds thereof.
[0045] A hydroxyl number of the component (b2) is preferably 10 to 100 mg KOH/g and is more preferably 20 to 70
mg KOH/g from the viewpoint of excellent strength of a coated film.
[0046] In the present invention, the hydroxyl number means the number of mg of potassium hydroxide equivalent to
hydroxyl groups in 1 g of a sample.
[0047] One kind of the component (b2) may be used or two or more kinds thereof may be used in combination.
[0048] A softening point of the component (B) is preferably 60°C to 120°C. It is preferably 60°C or higher and is more
preferably 70°C or higher from the viewpoint that then blocking of the composition for powder coating materials can be
inhibited. In addition, it is preferably 130°C or lower and is more preferably 120°C or lower from the viewpoint that
dispersion at the time of melt-kneading can be thoroughly performed.
[0049] A content of the component (B) is preferably 10% to 50% by mass and is more preferably 10% to 40% by mass
with respect to a total amount of the composition for powder coating materials from the viewpoint of excellent thermal
conductivity and electrical insulation properties of a cured film.

3. Component (C)

[0050] The component (C) is a curing agent, and as a curing agent for an epoxy resin (hereinafter referred to as a
"component (c1)") or a curing agent for a polyester resin (hereinafter referred to as a "component (c2)"), known curing
agents can be used.
[0051] Examples of the components (c1) include acid anhydrides, amine compounds, amide compounds, phenol
compounds, and the like.
[0052] Specific examples of acid anhydrides include phthalic anhydride, maleic anhydride, tetrahydrophthalic anhy-
dride, methyltetrahydrophthalic anhydride, methylnadic anhydride, hexahydrophthalic anhydride and methylhexahy-
drophthalic anhydride, trimellitic anhydride, pyromellitic anhydride, 3,3’-4,4’-benzophenonetetracarboxylic dianhydride,
and the like.
[0053] Specific examples of amine compounds include diaminodiphenylmethane, diaminodiphenylethane, diamin-
odiphenylether, diaminodiphenylsulfone, orthophenylenediamine, metaphenylenediamine, paraphenylenediamine,
metaxylenediamine, paraxylenediamine, diethyltoluenediamine, diethylenetriamine, triethylenetetramine, isophoronedi-
amine, imidazole, BF3-amine complexes, guanidine derivatives, guanamine derivatives, and the like.
[0054] Specific examples of amide compounds include dicyandiamide and a polyamide resin synthesized from a dimer
of linolenic acid and ethylenediamine, and the like.
[0055] Specific examples of phenolic compounds include bisphenol A, bisphenol F, bisphenol S, resorcinol, catechol,
hydroquinone, fluorene bisphenol, 4,4’-biphenol, 4,4’, 4"-trihydroxytriphenylmethane, naphthalene diol, 1,1,2,2-tet-
rakis(4-hydroxyphenyl)ethane, calixarene, a cresol novolak resin, an aromatic-hydrocarbon-formaldehyde-resin-modi-
fied phenolic resin, a dicyclopentadiene-phenol-addition-type resin, a phenol aralkyl resin, a phenol novolak resin, and
the like.
[0056] Among them, acid anhydrides are preferable, and pyromellitic anhydrides and 3,3’-4,4’-benzophenonetetracar-
boxylic dianhydrides are particularly preferable from the viewpoint of improving pot life and electrical insulation properties.
[0057] One kind of the component (c1) may be used or two or more kinds thereof may be used in combination.
[0058] As a content of the component (c1), a molar ratio of a functional group of the component (c1) to an epoxy group
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of the epoxy resin is preferably 0.5 to 1.5 and is more preferably 0.8 to 1.3 from the viewpoint of excellent mechanical
properties of a cured film.
[0059] As the component (c2), a blocked isocyanate compound that is solid at room temperature is preferable as a
curing agent for a hydroxyl-group-containing polyester resin.
[0060] As the blocked isocyanate compound, a compound produced by reacting an aliphatic, aromatic, and araliphatic
polyvalent isocyanate compound with a blocking agent and masking it is preferable.
[0061] Specific examples of polyvalent isocyanate compounds include divalent isocyanate compounds such as hex-
amethylene diisocyanate, 4,4’-methylene bis(cyclohexyl isocyanate), methylcyclohexane diisocyanate, bis(isocyanato-
methyl)cyclohexane, isophorone diisocyanate, dimer acid diisocyanate, lysine diisocyanate, tolylene diisocyanate, 4,4’-
diphenylmethane isocyanate, and xylylene diisocyanate; trivalent isocyanate compounds such as a trimer of hexame-
thylene diisocyanate and lysine triisocyanate; and the like.
[0062] Specific examples of blocking agents include alcohols such as methanol, ethanol, and benzyl alcohol, phenols
such as phenol and crezone, lactams such as caprolactam and butyrolactam, oximes such as cyclohexanone, oxime,
and methyl ethyl ketoxime, and the like.
[0063] As the component (c2), a compound produced by reacting a blocking agent with a polyisocyanate compound
obtained by reacting an aliphatic, aromatic and araliphatic polyvalent isocyanate compound with a low molecular weight
compound having active hydrogen and masking it may be used.
[0064] Specific examples of low molecular weight compounds having active hydrogen include water, ethylene glycol,
propylene glycol, trimethylolpropane, glycerin, sorbitol, ethylenediamine, ethanolamine, diethanolamine, hexamethyl-
enediamine, and the like. Examples thereof also include isocyanurate, uretidione, hydroxyl-group-containing low mo-
lecular weight polyester, polycaprolactone, and the like.
[0065] As a content of the component (c2), from the viewpoint that a cured film has excellent hardness, heat resistance,
moisture resistance, and chemical resistance, a molar ratio of a functional group of the component (c2) to a hydroxyl
group of the hydroxyl-group-containing polyester resin is preferably 0.5 to 1.5 and is more preferably 0.9 to 1.2.

4. Composition for powder coating materials

[0066] The composition for powder coating materials of the present invention contains the component (A), the com-
ponent (B), and the component (C), but various other components can be blended in depending on the purpose.
[0067] Specific examples of other components include a dispersant (hereinafter referred to as a "component (D)"), a
curing accelerating agent (hereinafter referred to as a "component (E)"), a pigment, a leveling agent, a pinhole inhibitor,
and the like.
[0068] Hereinafter, these components will be described.
[0069] As the other components to be described later, only one kind of the exemplified compounds may be used, or
two or more kinds thereof may be used in combination.

4-1. Component (D)

[0070] The component (D) is a dispersant and can be blended in for the purpose of improving dispersibility of the
component (A).
[0071] Examples of the components (D) include a low molecular weight dispersant, a high molecular weight dispersant,
and the like.
[0072] Specific examples of low molecular weight dispersants include known alkylamine compounds, amine com-
pounds having a hydroxy group, amide compounds such as nipecotamide, isonipecotamide, and nicotinamide, and the
like.
[0073] Specific examples of high molecular weight dispersants include (co)polymers of unsaturated carboxylic acid
esters such as polyacrylates, (partially) amine salts of (co)polymers of unsaturated carboxylic acids such as polyacrylic
acid, (partially) ammonium salts and/or (partially) alkylamine salts, (co)polymers of hydroxyl-group-containing unsatu-
rated carboxylic acid esters such as hydroxyl-group-containing polyacrylates and/or modified products thereof, polyes-
ters, polyurethanes, saturated polyamides, polysiloxanes, long-chain polyaminoamide phosphates, amides obtained by
reacting poly(lower alkylene imine) with a free carboxyl-group-containing polyester, and/or salts thereof, and the like.
[0074] A copolymerization form of the high molecular weight dispersant may be any one of a random type, a graft type
(or a "comb type"), or a block type.
[0075] As a functional group of the high molecular weight dispersant, the dispersant may have an acidic group or a
basic group.
[0076] Commercially available high molecular weight dispersants include "BYK (registered trademark)-3950P," "BYK-
3951P," "BYK-3-3955P," "DISPERBYK (registered trademark)-2055," and "DISPERBYK-2200" manufactured by BYK
Japan KK; "Solplus (registered trademark) L-300," "Solplus L-400," "Solsperse (registered trademark) 12000," "Solsperse
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24000GR," "Solsperse 24000SC," "Solsperse 26000," and "Solsperse 32000," manufactured by Lubrizol Japan Ltd.;
"Ajisper (registered trademark) PB821," "Ajisper PB822," "Ajisper PB824," and "Ajisper PB881" manufactured by Aji-
nomoto Fine-Techno Co., Inc.; and the like.
[0077] The component (D) is preferably a high molecular weight dispersant, is more preferably a comb-type high
molecular weight dispersant, and is particularly preferably a comb-type high molecular weight dispersant having an
acidic group or a basic group from the viewpoint of excellent dispersibility of the component (A) and excellent thin-film
smoothness of a cured film.
[0078] A content of the component (D) is preferably 0.1 to 10.0 parts by mass, is more preferably 0.1 to 5.0 parts by
mass, and is particularly preferably 0.1 to 2.0 parts by mass with respect to 100 parts by mass of the component (A)
from the viewpoint that then dispersibility of the component (A) is excellent and thin-film smoothness of a cured film is
excellent.

4-2. Component (E)

[0079] The component (E) is a curing accelerating agent and can be blended in for the purpose of accelerating curing
of the component (B) and obtaining an excellent cured film strength.
[0080] Examples of the components (E) include a phosphorus compound, a tertiary amine compound, and an imidazole
compound in a case where the component (B) is the component (b1).
[0081] Specific examples of phosphorus compounds include primary phosphines such as ethylphosphine and phe-
nylphosphine, secondary phosphines such as dimethylphosphine and diphenylphosphine, and tertiary phosphines such
as triethylphosphine and triphenylphosphine, and the like.
[0082] Specific examples of tertiary amine compounds include aliphatic amines such as dimethylaminohexanol; ali-
cyclic and heterocyclic amines such as 1,8-diazabicyclo-[5.4.0]-7-undecene and 1,5-diazabicyclo-[5.4.0]-5-nonene; ar-
omatic amines such as dimethylbenzylamine; and the like.
[0083] Specific examples of imidazole compounds include 2-phenylimidazole, 1-cyanoethyl-2-ethyl-4-methylimida-
zole, 2-ethyl-4-methylimidazole, and the like.
[0084] Among them, triphenylphosphine and 1,8-diazabicyclo-[5.4.0]-7-undecene are preferable, and triphenylphos-
phine is more preferable from the viewpoint of excellent curability of the component (b1).
[0085] Examples of the components (E) include a tin catalyst in a case where the component (B) is the component (b2).
[0086] Specific examples of tin catalysts include tin octylate, tributyltin laurate, dibutyltin dilaurate, a di-normal butyltin
malate polymer, and the like.
[0087] One kind of the component (E) may be used or two or more kinds thereof may be used in combination.
[0088] A content of the component (E) is preferably 0.01 to 5.0 parts by mass and is more preferably 0.01 to 3.0 parts
by mass with respect to 100 parts by mass of a total amount of the component (B) and the component (C) from the
viewpoint that both a catalytic effect and a pot life can be achieved.

5. Method for producing composition for powder coating materials

[0089] The composition for powder coating materials of the present invention can be produced by a known method.
[0090] Specific examples of methods include methods (1) to (3) to be described below.
[0091] A method (1) in which the components (A) to (C) and, if necessary, the components (D) to (E), a pigment, a
leveling agent, and a pinhole inhibitor (hereinafter collectively referred to as "raw materials") are respectively pulverized
into a powder in advance and then mixed.
[0092] A method (2) of pulverizing raw materials into a powder after mixing them in a solid state.
[0093] A method (3) in which raw materials are mixed in a solid state, and then melt-kneaded, cooled to form a solid
mass, and pulverized into a powder.
[0094] The method (3) is preferable because the respective components are uniformly distributed in the obtained
powder, whereby a resulting cured film is excellent in homogeneity.
[0095] Mixing of the raw materials in a solid state can be performed using a mixer such as a high-speed mixer, a V-
type mixer, an inversion mixer, or the like.
[0096] The melt-kneading can be performed using various types of extruders such as a single screw, a twin screw,
and a planetary gear. A mixture of the respective components is kneaded in a heated and melted state to make the
respective components uniform. It is preferable to cool the extruded melt-kneaded product to make it into pellets.
[0097] Pulverization of the pellets can be performed using a pulverizer such as a pin mill, a hammer mill, and a jet
mill. After pulverization, it is preferable to use a cyclone and a classifier (vibrating sieve or the like) to make a uniform
particle diameter range (hereinafter referred to as classification). In a case of performing classification, it is preferable
to remove at least one of fine powder having a particle diameter of less than 5 mm and coarse powder having a particle
diameter of more than 150 mm.
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6. Coated article

[0098] The coated article of the present invention has a cured film formed from the composition for powder coating
materials on the surface of a substrate.
[0099] Examples of materials of the substrate include metals such as iron, steel, copper, and aluminum, alloys of the
metal, materials obtained by surface-treating the metal or the alloy, and the like. In addition, examples thereof include
a structure in which a mechanical part, an electric circuit, or the like containing materials other than metal is partially
incorporated.
[0100] Examples of shapes of the substrate include a plate shape, a fin shape, a rod shape, a coil shape, and the like,
but examples are not particularly limited.
[0101] A size of the substrate is not particularly limited, and it may be appropriately set according to use applications.

[Method for producing coated article]

[0102] The coated article of the present invention is preferably produced by coating a substrate with the composition
for powder coating materials of the present invention, forming a coated film made of a melt of the composition on the
substrate, reacting reactive components in the composition, and then, cooling the cured film in a molten state to room
temperature to solidify.
[0103] A melt film made of a melt of the composition for powder coating materials may be formed at the same time
with the coating of the substrate with the composition, or may be formed by heating and melting a powder on the substrate
after the powder of the composition is adhered to the substrate.
[0104] Because a curing reaction of the reactive components in the composition starts almost at the same time when
the composition for powder coating materials is heated and melted, it is necessary that heating and melting of the
composition be performed almost at the same time as adhesion of the composition to the substrate, or heating and
melting of the composition be performed after adhesion of the composition to the substrate.
[0105] When the composition for powder coating materials is heated and melted, a heating temperature (hereinafter
referred to as a "baking temperature") and a heating maintaining time (hereinafter referred to as a "baking time") which
are for maintaining a molten state for a predetermined time are appropriately set depending on the type and composition
of raw material components of the composition for powder coating materials, a desired thickness of a cured film, and
the like. In particular, a baking temperature is preferably about 160°C to 220°C. A baking time is preferably 1 second to
120 minutes and is more preferably 1 to 60 minutes.
[0106] A film thickness of a cured film is usually 20 to 700 mm, is preferably 200 mm or less, and is more preferably
150 mm or less from the viewpoint of achieving the effects of the present invention.

[Coating method]

[0107] Examples of coating methods include an electrostatic coating method, an electrostatic spraying method, an
electrostatic dipping method, a spraying method, a fluid dipping method, an air blasting method, a spraying method, a
thermal spraying method, a plasma spraying method, and the like. The electrostatic coating method using a powder
coating gun is preferable from the viewpoint of excellent thin-film smoothness of a molten film and excellent concealability
of a cured film.
[0108] Examples of powder coating guns include a corona charge type coating gun and a frictional charge type coating
gun. The corona charge type coating gun is a gun for spraying a powder coating material that has been subjected to
corona discharge treatment. The frictional charge type coating gun is a gun for spraying a powder coating material that
has been subjected to frictional charge treatment.
[0109] A discharge amount of the powder coating material from the powder coating gun is preferably 50 to 200 g/min.
[0110] A distance from the tip of the gun portion of the powder coating gun to the substrate is preferably 100 to 400
mm from the viewpoint of coating efficiency.
[0111] In a case where the corona charge type coating gun is used, an application voltage applied to components
constituting the powder coating material by the corona discharge treatment is preferably -20 to -100 kV, and is preferably
-50 to -80 kV from the viewpoint of excellent coating efficiency (a proportion of the powder coating material adhering to
the substrate) and excellent appearance of a cured film.
[0112] In a case where the frictional charge type coating gun is used, an internally generated current value of the
powder coating material by the frictional charge treatment is preferably 1 to 8 mA from the viewpoint of excellent coating
efficiency and appearance of a cured film.
[0113] In a case where the electrostatic coating method is carried out industrially, for example, an unpainted substrate
is installed, a grounded conductive horizontal belt conveyor for grounding is laid in a coating chamber, and a gun is
installed at the top of the coating chamber. A coating pattern width is preferably 50 to 500 mm, an operation speed of
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the gun is preferably 1 to 30 m/min, a conveyor speed is preferably 1 to 50 m/min, and conditions suitable for the purpose
may be selected from the above range.

7. Use applications

[0114] The coated article formed from the composition of the present invention can be used in various industrial product
fields such as electrical and electronic fields.
[0115] In particular, specific examples of preferable use applications include lighting devices such as LED lighting and
organic EL lighting, semiconductor modules, electronic circuit boards such as printed wiring boards and flexible wiring
boards, electric rotating equipment such as small motors and in-vehicle motors, power supply equipment such as trans-
formers, power storage devices such as lithium batteries, power generation equipment such as solar panels, and the like.

Examples

[0116] Hereinafter, the present invention will be described in more detail with reference to Examples and Comparative
Examples.

1. Examples 1 to 7 and Comparative Examples 1 and 2

1) Preparation of composition for powder coating materials

[0117] Compounds shown in Table 1 were mixed in parts by mass shown in Table 1 using a high-speed mixer, and
then were melt-kneaded and cooled to form a solid mass. This was pulverized into a powder using a hammer mill, and
thereby a composition for powder coating materials was prepared.
[0118] Evaluation was performed as described below using the obtained composition. The results are shown in Table 1.
[0119] Numbers in Table 1 indicate parts by mass.
[0120] In addition, abbreviations in Table 1 are as follows.

• YD013: Bisphenol A type epoxy resin (epoxy equivalent: 850, softening point: 95°C), Epotohto (registered trademark)
YD-013 manufactured by Nippon Steel & Sumikin Chemical Co., Ltd.

• YDCN704: o-Cresol novolak type epoxy resin (epoxy equivalent: 650, softening point: 90°C), Epotohto (registered
trademark) YDCN-704 manufactured by Nippon Steel & Sumikin Chemical Co., Ltd.

• TMTAC: Trimellitic anhydride, Rikacid (registered trademark) TMTA-C manufactured by New Japan Chemical Co.,
Ltd.

• TPP: Triphenylphosphine, PP-360 manufactured by K.I Chemical Industry Co., Ltd.
• AS50: Alumina (average primary particle diameter: 9 mm), AS-50 manufactured by Showa Denko K.K.
• AR60: Alumina (average primary particle diameter: 3 mm), AR-60 manufactured by Showa Denko K.K.
• CBP10: Alumina (average primary particle diameter: 8 mm), CB-P10 manufactured by Showa Denko K.K.
• CBP02: Alumina (average primary particle diameter: 2 mm), CB-P02 manufactured by Showa Denko K.K.
• V325F: Alumina (average primary particle diameter: 12 mm), V325F manufactured by Nippon Light Metal Co., Ltd.
• SA34: Alumina (average primary particle diameter: 4 mm), SA34 manufactured by Nippon Light Metal Co., Ltd.
• L400: Comb-type high molecular weight dispersant having a basic group, Solplus L-400 manufactured by Lubrizol

Japan Ltd.
• L300: Comb-type high molecular weight dispersant having an acidic group, Solplus L-300 manufactured by Lubrizol

Japan Ltd.
• 20L: Carbon Black, High Black 20L manufactured by Orion Engineered Carbons S.A.
• RL4: Acrylic leveling agent, Resimix (registered trademark) RL-4, manufactured by Mitsui Chemicals, Inc.

2) Measurement of average circularity of thermally conductive filler

[0121] Regarding an average circularity of the thermally conductive filler shown in Table 1, an average value of
circularity calculated according to the following equation by obtaining the following L0 and L1 from a projected particle
image of the thermally conductive filler photographed using a particle image analyzer (trade name FPIA-3000, manu-
factured by Sysmex Corporation) was measured. 
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L0: A circumference of an ideal circle (true circle) having the same area as the area calculated from a projected
particle image of a thermally conductive filler that is actually measured
L1: An actual circumference measured from a projected particle image of the thermally conductive filler to be meas-
ured

[0122] The results are shown below.

• Average circularity of AS50: 0.93
• Average circularity of AR60: 0.93
• Average circularity of CBP10: 0.94
• Average circularity of CBP02: 0.94
• Average circularity of V325F: 0.91
• Average circularity of SA34: 0.91

3) Production of coated article

[0123] Using the composition for powder coating materials obtained in the above section 1.1), one surface of a cold-
rolled steel sheet (hereinafter referred to as a "steel sheet") that had been chemically treated with zinc phosphate was
subjected to electrostatic coating using an electrostatic coating machine (trade name: GX7500C, manufactured by Nihon
Parkerizing Co., Ltd.), left to stand in a 200°C atmosphere for 15 minutes, and then was left to cool to room temperature,
and thereby a steel sheet to which a cured film having an average film thickness of 60 mm (hereinafter referred to as a
"coated steel sheet") was attached was obtained.

4) Evaluation of composition for powder coating materials

[0124] The following evaluation was performed using the composition for powder coating materials obtained in the
above section 1.1).

(1) Melting flow properties

[0125] 1.0 g of the composition for powder coating materials obtained in the above section 1.1) was press-molded
into tablet-shaped pellets (diameter 16 mm), and the pellets were melted on a steel plate heated to 160°C for 10 minutes.
A pellet diameter after melting for 10 minutes was measured, and a horizontal flow rate was calculated according to the
following formula. 

D: Pellet diameter (mm) after melting for 10 minutes
[0126] As a horizontal flow rate became larger, melting flow properties of the composition for powder coating materials
became excellent, and evaluation was performed according to the following five standards. The evaluation results are
shown in Table 1.

&: A horizontal flow rate was 5.0% or more
s: A horizontal flow rate was 1.0% or more and less than 5.0%
Δ: A horizontal flow rate was 0.5% or more and less than 1.0%
X: A horizontal flow rate was 0.1% or more and less than 0.5%
XX: A horizontal flow rate was less than 0.1%

5) Evaluation of coated steel sheet

[0127] Using the coated steel sheet obtained in the above section 1.2), the following evaluation was performed.

(1) Thin-film smoothness

[0128] Smoothness of the surface of the coated steel sheet was visually observed and evaluated according to the
following four standards. The results are shown in Table 1.
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&: Extremely favorable

s: Favorable

Δ: Slightly poor

X: Very poor

(2) Electrical insulation properties

[0129] Dielectric breakdown strength of the coated steel sheet was measured using a pressure tester (trade name
TOS8700 manufactured by Kikusui Electronics Corp.) at a direct current and a boosting rate of 1 kV/sec, and evaluation
was performed according to the following five standards. The results are shown in Table 1.

&: 50 kV/mm or more

s: 10 kV/mm or more and less than 50 kV/mm

Δ: 1 kV/mm or more and less than 10 kV/mm

X: Less than 1 kV/mm

XX: Measurement was not possible due to cured film defects

(3) Thermal conductivity

[0130] Thermal conductivity of the coated steel sheet was measured using a xenon flash analyzer (trade name LFA-
467 manufactured by NETZSCH Japan K.K.) and evaluated according to the following five standards. The results are
shown in Table 1.

&: 1.0 W/(m·K) or more
s: 0.5 W/(m·K) or more and less than 1.0 W/(m·K)
Δ: 0.1 W/(m·K) or more and less than 0.5 W/(m·K)
X: Less than 0.1 W/(m·K)
XX: Measurement was not possible due to cured film defects
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5) Evaluation results

[0131] As can be clearly seen from the results of Examples 1 to 7, the composition of the present invention was
excellent in all physical properties of thin-film smoothness, electrical insulation properties, and thermal conductivity as
a cured film.
[0132] On the other hand, the compositions of Comparative Examples 1 and 2 were compositions including a thermally
conductive filler that does not satisfy the requirement for circularity of the component (A), and when they were compared
with the compositions of Examples, the cured film had very poor thin-film smoothness, and the cured film was defective
to the extent that electrical insulation properties and thermal conductivity could not be measured. Therefore, they are
not practical.

[Industrial Applicability]

[0133] The present invention relates to a composition for powder coating materials and a coated article, and the coated
article formed from the composition of the present invention can be used in various industrial product fields such as the
electrical and electronic fields. In particular, it can be preferably used in lighting devices such as LED lighting and organic
EL lighting, semiconductor modules, electronic circuit boards such as printed wiring boards and flexible wiring boards,
electric rotating equipment such as small motors and in-vehicle motors, power supply equipment such as transformers,
power storage devices such as lithium batteries, power generation equipment such as solar panels, and the like.

Claims

1. A composition for powder coating materials, comprising:

a component (A): a thermally conductive filler that has an average circularity of 0.92 or more;
a component (B): thermosetting resin; and
a component (C): curing agent.

2. The composition for powder coating materials according to claim 1, wherein the component (A) comprises thermally
conductive fillers of at least two kinds having different average primary particle diameters, and a mass ratio of a
thermally conductive filler having a largest average primary particle diameter to a thermally conductive filler having
a smallest average primary particle diameter is 1 to 5.

3. The composition for powder coating materials according to claim 1 or 2, wherein the component (B) is an epoxy resin.

4. The composition for powder coating materials according to any one of claims 1 to 3, wherein an average primary
particle diameter of the component (A) is 1.0 to 40 mm.

5. The composition for powder coating materials according to any one of claims 1 to 4, wherein a content of the
component (A) is 50% to 80% by mass with respect to a total amount of the composition for powder coating materials,
and a content of the component (B) is 10% to 50% by mass with respect to the total amount of the composition for
powder coating materials.

6. The composition for powder coating materials according to any one of claims 1 to 5, wherein, in a content of the
component (C), a molar ratio of a functional group of the component (C) to a functional group of the component (B)
is 0.5 to 1.5.

7. The composition for powder coating materials according to any one of claims 1 to 6, further comprising a component
(D): a dispersant.

8. The composition for powder coating materials according to claim 7, wherein a mass of the component (D) with
respect to 100 parts by mass of the component (A) is 0.1 to 5.0 parts by mass.

9. A coated article which has a surface to which a cured film formed from the composition for powder coating materials
according to any one of claims 1 to 8 is applied.
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